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INTRODUCTION
Trematodes (Platyhelminthes: Digenea) are parasites with indirect life cycles that usually occupy vertebrates as definitive hosts, while the first intermediate hosts are mostly mollusks, for which they are usually highly specific (Noble & Noble 1965) . The range of second intermediate hosts is wider than for first intermediate hosts, which include plants, mollusks, arthropods and vertebrates (Noble & Noble 1965) . More specifically, among some species of Microphallidae (Digenea), there is a relatively high degree of specificity for the first intermediate host (Galaktionov et al. 2012) , and can occupy a wide range of species in second intermediate hosts (Wojdak et al. 2013) .
Some factors, such as body size and sex of the hosts, and the abundance of definitive hosts are considered as potentially relevant to explain the variations in magnitude of parasitism by metacercariae in amphipods, as well as the parasite induced host mortality. These parasitoses are usually cumulative, thus a greater prevalence and abundance of parasites is expected in larger amphipods (Crofton 1971 , Kennedy 1975 . However, amphipod size co-varies with sex, since females attain smaller body sizes than males. It is also expected that gender per se may be a factor associated with variations of parasitism, which may be due to differences in behavior, innate susceptibility or defense responses (Bryan-Walker et al. 2007 , Durieux et al. 2012 , Stone & Moore 2014 . In addition, some trematodes have been reported as causing differential mortality in amphipods according to the host species identity, sex and body length (Rousset et al. 1996) . Consequently, it is expected that the prevalence and abundance of microphallids are associated positively with the abundance of their common definitive hosts, which are shorebirds (Cremonte & Martorelli 1998 , Fredensborg et al. 2004 , Martorelli et al. 2004 , Fredensborg & Poulin 2005 , González-Acuña et al. 2009 , Koehler et al. 2010a , including gull species Larus spp. In fact, the importance of the abundance of definitive hosts on the degree of parasitism in amphipod intermediate hosts from intertidal systems has already been acknowledged, though the spatial scale at which they are correlated remains controversial (Smith 2001 , Latham & Poulin 2003 , Fredensborg et al. 2006 , Smith 2007 ,Thieltges et al. 2009 , Levakin et al. 2013 , Leiva et al. 2015 .
In this study it is evaluated the relative importance that intermediate host length and sex, as well as abundance of definitive hosts (shorebirds) may have on the prevalence and abundance of parasitism by metacercariae (Digenea, Microphallidae) in their second intermediate host: the amphipod Apohyale hirtipalma (Dana, 1852) (Gammaridea). This is a common inhabitant of intertidal pools on the central Chilean coast, where the amphipod Hyale grandicornis has been recorded as harboring microphallid metacercariae (Muñoz 2005) , as elsewhere for amphipods (Fredensborg et al. 2004 , Martorelli et al. 2004 ). In addition, it is examined if there is some evidence supporting that parasite induced host mortality occurs in this system (Rousset et al. 1996) .
MATERIALS AND METHODS
The study was carried out in 4 locations repeatedly visited before sampling to know the abundance of birds and amphipods in rocky tide pools, and finally selected to represent a gradient in the abundance of gulls (Laridae) in the Biobío region, Chile. There were 2 kinds of locations: those having large permanent and resident flocks and others with ephemeral small groups. The sampling localities in visually decreasing order of shorebird abundance were Maule (36º59'52''S; 73º11'18''W), Lirquén (36°42'22''S; 72°58'37'56''W), Cocholgüe (36°36'30''S; 72°58'46''W) and Coliumo (36°31'26''S; 72°58'4''W). After selection of sampling locations, the abundance of seagulls in each location was estimated twice per day during 3 consecutive days, in 4 dates between December 2013 and January 2014, by direct counting (expressed as the number of sightings in a 4 h observation period) or by counting on photographs taken at regular intervals of 2 h during daylight. The bird sample group included the combined abundance of 2 species of Larus present at the study sites, i.e., Larus dominicanus (Lichtenstein, 1823) and L. pipixcan (Wagler, 1831) . In all, we gathered 6 quantitative assessments of bird abundance for each location.
After the assessment of bird abundance, 60 amphipod specimens were collected from rocky tidepools at each location using hand nets. No attempt was made to evaluate the abundance of amphipods at each location. Individuals of the A. hirtipalma species were identified according to González (1991) and Thiel & Hinojosa (2002) . The body length of each amphipod was measured with a vernier caliper of 0.1 mm accuracy, while the sex was determined by visual inspection. The hosts were meticulously dissected with needle-nose pliers under a stereomicroscope and all of the metacercariae found were collected. Taxonomic determination of the metacercariae followed criteria used by Muñoz (2005) , and was also aided with artificial excystment, incubating in a physiological saline solution and bile salts at an ambient temperature over 24 h.
Statistical analysis considered a one-way analysis of variance of the abundance of seagulls in the 4 sampling localities, and a Tukey a posteriori test. A Z test for 2 proportions was used to compare the prevalence of the 2 morphospecies of metacercariae found in amphipods across the 4 locations. A Chi-square test was applied to evaluate whether co-occurrence between morphospecies of metacercariae departed from random expectations. A logistic regression covariance analysis was used to evaluate the relationship between the probability of finding metacercariae of each morphospecies with the total length of A. hirtipalma, and according to the sex of the amphipod and the abundance of seagulls. An OLS covariance analysis was used to assess the relationship between the abundance of log 10 (x+1) transformed data of each morphospecies of metacercariae with the total length of the amphipod, the abundance of seagulls and the sex of the amphipod. To assess the host sex effect, residuals of the relationship between parasite abundance with the host body length were compared between male and female amphipods. To detect parasite induced host mortality, two approaches were employed. First, the analysis of covariance included a quadratic term, and second, the behavior of the variance/mean ratio of parasite abundance, for each parasite taxon, was examined according the body length of the amphipod hosts, following the protocol given by Rousset et al. (1996) . Broadly speaking, these authors state that highly overdispersed distribution of parasite loads increase through host age (i.e., body length) in those parasites with cumulative infections that do not induce host mortality. In contrast, among pathogenic parasites that cumulate through host ontogeny, the mortality they induce can eliminate heavily infected hosts, thus leading to a decline in the mean abundance, and in rate of increase of the variance/mean ratio among larger (older) hosts.
RESULTS
As expected, the abundance of birds in all the selected sampling localities showed significant differences one another (F (3, 20) Fig. 1 ). Maximum prevalence of Maritrematinae according to the host total length peaks around 60%, while Microphallinae levels reach up to ca. 90% (Fig. 1) .
Most of the variation in the presence of each morphospecies of metacercariae was associated to the abundance of shorebirds (Table 1) . However, this was not a tight association for Maritrematinae because localities with intermediate abundance of seagulls (Cocholgüe and Lirquén) have higher prevalence than the locality with the highest abundance of seagulls (Maule ,  Table 1 ), which furthermore was not different to the locality with lowest abundance of seagulls (Coliumo, Table 1 ). In contrast, Microphallinae showed a better fit to seagull abundance (Table 1) . After accounting for variations due to amphipod total length, the sex of the amphipod revealed to be a relevant factor to explain the probability of finding Maritrematinae metacercariae only (Maritrematinae: Wald  2 = 11,36, d.f.= 1, P < 0.001, Microphallinae: Wald  2 = 0.416, d. f.= 1, P = 0.519, Fig. 1 ). That is, males had a higher prevalence than females of similar size. This result implies that host sex per se is a factor in the parasitism by Maritrematinae. This is also reflected in that all 25 amphipods that harbored both morphospecies of metacercariae were males, what departs significantly from random expectations (Pearson  2 with Yates correction for continuity = 9.978, d.f.= 1, P = 0.002).
The total abundance of metacercariae varied between 0 and 44 (average= 3.0, s.d.= 5.11, n= 240). Non significant differences in the abundance of Maritrematinae and Microphallinae were found (Mann-Whitney two-tailed test, P = 0.247). Also, there was no significant correlation between their abundances (Spearman correlation coefficient, r s = 0.01, P = 0.876, n= 240). However, both were positively correlated with the amphipod total length, though differently for each morphospecies of metacercariae (Fig. 2) . The slope of the relationship between the abundance of Microphallinae and the total length of the host was greater in locations with a higher abundance of birds (F (3, 231) = 99.49, P = 0.0001). Something similar occurred with the interaction between the sex of the amphipod and the abundance of birds (F (3, 231) = 13.98, P = 0.0001, Table 2 , Fig. 2 ). This model accounted for 73.8% of the variance of the abundance of Microphallinae. A model including a quadratic term for total length, and all interaction terms, accounted for 75.6%, what is statistically significant (P < 0.05). In contrast, the relationship between the abundance of Maritrematinae and the total length of the host only demonstrated a greater slope in locations with a higher abundance of birds (F (3, 231) = 43.44, P= 0.0001), but it was not associated with the sex of the amphipod (F (1, 231) = 3.71, P = 0.055, Table 2, Fig. 2 ). This model accounted for 42.0 % of the variance of the abundance of Maritrematinae. A full model including a quadratic term for total length and all interaction terms accounted for 44.5% what is also statistically significant (P < 0.05).
The variance/mean ratio of parasite abundance with host total length increases monotonically for Microphallinae, whereas decreases among largest hosts harboring Maritrematinae (Fig.  3) .
DISCUSSION
Only one previous study recorded metacercariae in the amphipod H. grandicornis from Chile (Muñoz 2005) . Therefore, the present study is the first report on quantitative patterns of parasitism in amphipods from the Southeastern Pacific Coast. We do not know the specific identity of these digeneans but these metacercariae Table 2 . Summary table of the analysis of the covariance of the abundance (log 10 x+1) of Microphallinae and Maritrematinae metacercariae according to the body length and sex of the amphipod A. hirtipalma, and the abundance of definitive hosts (Aves: Laridae)/ Tabla resumen del análisis de la covarianza de la abundancia (log 10 x+1) de metacercarias Microphallinae y Maritrematinae según la longitud corporal y sexo del anfípodo A. hirtipalma, y la abundancia de hospedadores definitivos (Aves: Laridae) Figure 3 . Dispersion diagrams of the relationship between the variance/ mean ratio of parasite abundance with total length classes of A. hirtipalma. Numbers upon markers are absolute frequencies / Diagramas de dispersión de la relación entre la varianza/ promedio de la abundancia parasitaria con las clases de longitud total de A. hirtipalma. Los números sobre los marcadores son frecuencias absolutas may well belong to one of the 3 species of Microphallidae recorded at adult stage in L. dominicanus in the Biobío region, namely Maritrema eroliae, Microphallus nicolli and Odhneria odhneri (González-Acuña et al. 2009 ), or to species recorded in seagulls in South America (e.g., Etchegoin et al. 1996 , Etchegoin & Martorelli 1997 , Cremonte & Martorelli 1998 , or yet to be described.
The finding that the maximum length of A. hirtipalma is important to explain the degree of parasitism by metacercariae is not a surprise. The increase in abundance with the total length of the amphipod has been recorded previously in other species of Microphallidae (Fredensborg et al. 2004) . As a result of the accumulation of the parasites through host ontogeny (Poulin & Mouritsen 2003 , Fredensborg et al. 2004 , is due to time of exposure to cercariae, i.e., hosts with the greatest length have been exposed for longer time lapses than the juvenile amphipods (Fredensborg et al. 2005) , which would increase the probability of being infected with parasites and increase the abundance of parasites within the host. However, this relationship was different between the 2 morphospecies of metacercariae ( Figs. 1 and 2) , indicating that the interface between the amphipod and the mollusk(s) producing cercariae is also different. That is, other factors such as the composition of mollusk species assemblages in each location, which are necessary as first intermediate hosts, may also be linked to the differences observed in the prevalence between metacercariae in amphipods, since species in the Microphallidae family are capable of using a broad spectrum of crustaceans as second intermediary hosts (Etchegoin et al. 1996 , Etchegoin & Martorelli 1997 , Fredensborg et al. 2004 , Koehler et al. 2010b , Leiva et al. 2015 . As a result, the joint abundance of species required as links for the development of the Microphallidae's larval stage (mollusks and amphipods) could together be considered a better tool for predicting and evaluating variations in the degrees of digenean infection in second intermediate hosts (Lagrue & Poulin 2015) .
Finally, it must be considered that once the effect of maximum length is included in the statistical model, the sex of the amphipod is a relevant factor to explain variations in the abundance of Microphallinae, but not in the abundance of Maritrematinae metacercariae. These variations could be associated to differences in the behavior between sexes in A. hirtipalma as well as by different effects of the parasites on hosts according to their sex. Other sources of variation of parasitism are feeding habits of seagulls which are known to include a wide variety of prey, and that changes occur according to the seasons, or to the local prey availability (Bahamondes & Castilla 1986 , Bertellotti & Yorio 1999 . In fact the relative importance of parasite species and local factors must be a mosaic of combinations leading to this level of heterogeneity in parasitism among intertidal invertebrates.
Future studies in Chile should consider in more depth the eventual effect of these parasites on the survival of A. hirtipalma, as noted elsewhere as a short-term cause of mortality when found in high abundance, what could have consequences for the population dynamics of amphipods (Rousset et al. 1996 , Thomas et al. 1998 , Meisser & Bick 1999 , Fredensborg et al. 2004 , Leung & Poulin 2006 , Studer 2011 . Evidence of parasite induced host mortality in our data suggests that it is more likely to occur among Maritrematinae. This is so because the inclusion of a quadratic term in the linear model resulted in significant but mild increases in the amount of variance of abundance explained in both morphospecies, and because the trend of the variance/mean ratio of parasite abundance with host total length decreases among largest hosts harboring Maritrematinae, whereas for Microphallinae the trend is monotonic (Fig. 3) .
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